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a b s t r a c t
Ethnopharmacological relevance: Piper umbellatum L., Piperaceae, is a shrub that grows up to 3 m high. It
is commonly known as “capeba” or “pariparoba” in Brazil. Tea prepared using the leaves of this plant is
employed in the treatment of infections and inﬂammatory processes in different countries. Approxi-
mately 50 compounds, notably from the ﬂavonoid, alkaloid, terpene, and sterol classes, have been
isolated from the leaves of Piper umbellatum. To evaluate the acute toxicity, antibacterial activity, and
mode of action of the hydroethanolic extract of Piper umbellatum leaves (HEPu).
Materials and methods: Acute toxicity of HEPu against CHO-K1 cells was evaluated using a cytotoxicity
assay with Alamar Blue and that against mice was assessed by the Hippocratic test. Antibacterial activity
of HEPu was tested using the broth microdilution method using a panel of clinically relevant bacteria,
and the effects of HEPu on the bacterial membrane were analyzed in detail. A preliminary phytochemical
analysis based on coloration/precipitation was performed according to procedure described in the
literature. Secondary metabolites detected were analyzed and conﬁrmed by thin layer chromatography
(TLC), spectrophotometry, and high performance liquid chromatography (HPLC).
Results: Piper umbellatum did not appear to be toxic in the in vitro (IC504200 mg/mL) cytotoxicity test.
When administered in vivo at doses up to 2000 mg/kg p.o., HEPu did not cause any signs or symptoms of
toxicity in mice. It demonstrated a good spectrum of antibacterial activity and its mode of action
appeared to be associated with changes in the permeability of bacterial membranes; it led to increased
entry of hydrophobic antibiotics, efﬂux of Kþ , and nucleotide leakage. Preliminary phytochemical
analysis revealed the presence of ﬂavonoids, alkaloids, terpenes, and sterols in the extract. Spectro-
photometric and HPLC analysis revealed the presence of the ﬂavonoids rutin and quercetin.
Conclusion: In summary, HEPu has antibacterial activity and low acute toxicity in vitro and in vivo. Its
mode of action appears to be associated with changes in the permeability of the bacterial cell wall and
cytoplasmic membrane, which can at least be partly attributed to the ﬂavonoids present in the extract.
& 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction
The effects of plant extracts on microorganisms have been
studied and screened by many researchers in drug discovery
studies in different parts of the world (Savoia, 2012; Zhang et al.,
2013).
The interest in plants with antimicrobial properties has been
revived because of the current problems associated with a reduc-
tion in the number of potential new antimicrobial drugs, an
increase in antimicrobial resistance, and the need for treatments
for recently emerging pathogens (Mahady, 2005).
From the rich biodiversity of the Amazon region of Brazil,
Piper umbellatum L., Piperaceae, commonly known as “capeba”
or “pariparoba”, was analyzed in this study. This species is a
perennial scrambling shrub or woody herb, 1–3 m tall, and is
widely used as folk medicine in several countries. The leaves
in particular have been used to create an infusion for the
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treatment of infectious and inﬂammatory diseases (Roersch,
2010).
Previous studies have shown that extracts and pure compounds
derived from various parts of Piper umbellatum possess a wide
spectrum of pharmacological activities, including antibacterial,
antifungal, antioxidant, anti-atherogenic, cytotoxic, antimalarial,
analgesic, anti-inﬂammatory, anti-leishmanial, and antitrypanoso-
mal activities (Roersch, 2010; Agbor et al., 2012). However, to the
best of our knowledge, there has been no published report
investigating the antibacterial properties of the hydroethanolic
extract of Piper umbellatum leaves (HEPu).
Phytochemical studies of Piper umbellatum have demonstrated
the presence of terpenes (mainly found in the essential oil),
alkaloids, ﬂavonoids, sterols, and other classes of secondary
metabolites (Roersch, 2010). The aim of this work was to evaluate
the acute toxicity, antibacterial activity, and mode of action
of HEPu.
2. Materials and methods
2.1. Animals
Adult male Swiss-Webster mice (25–30 g) from the Central
Animal House of UFMT were used for this study. The animals were
kept in propylene cages at 2272 1C with a 12 h light/dark cycle,
with free access to standard Purinas Chow (Labina, Goiás, Brazil)
and water ad libitum. They were allowed to acclimatize to the
laboratory environment in this condition for 48 h. Groups of 6–10
animals were used for the experiments. The experimental proto-
cols (number 23108.043016/10-6) were approved by the Ethic
Committee for Animal Experimentation of UFMT, Brazil, in accor-
dance with the Federal Government Legislation on Animal Care.
2.2. Microorganisms
Antibacterial activity was studied using microorganisms from
the American Type Culture Collection (ATCC, Rockville, MD, USA).
The ATCC bacterial strains used were Staphylococcus aureus 25923,
Staphylococcus epidermidis 12228, Streptococcus pyogenes 19615,
Enterococcus faecalis 29212, Salmonella typhimurium 14028, Pseu-
domonas aeruginosa 27853, Shigella ﬂexneri 12022, Klebsiella pneu-
moniae 13883, and Escherichia coli 25922. The strains were
maintained on slopes of Skim Milk (Oxoid), stored at 20 1C,
and subcultured two days before the assays to prevent morpho-
logical and metabolic transformations.
2.3. Cell line
Epithelial cells of Chinese hamster ovary (CHO-K1) from the Rio
de Janeiro Cell Bank were used to investigate the cytotoxic effects
of HEPu. This cell line was grown in Dulbecco's Modiﬁed Eagle
Medium (DMEM)þHam's Nutrient Mixtures F10 (HAM F10) sup-
plemented with 10% (v/v) fetal bovine serum (FBS) in tissue
culture ﬂasks. The cells were subcultured in fresh medium twice
a week and incubated at 37 1C in a humidiﬁed atmosphere of 95%
air and 5% CO2.
2.4. Plant collection and extract preparation
Piper umbellatum leaves were collected in the Aripuanã Muni-
cipality of Mato Grosso State, Brazil, and the botanical identity of
the plant was conﬁrmed by Célia Regina Araújo Soares of the
Herbarium of Amazonia Meridional in Alta Floresta-MT, Brazil. The
Piper umbellatum species is not on the endangered species list and
neither it was in the federal conservation area, and therefore
required no permission to collect, according to Brazilian legislation
[Art. 10 of 154/07 Normative Instruction of the Brazilian Institute
of Environment and Natural Resources (IBAMA)]. A voucher speci-
men with number BI 970 was deposited at the same Herbarium.
The leaves were collected, cleaned, and dried to constant
weight at 40 1C for 3 d. The dried leaves were shredded in an
electric mill with a sieve having a mesh size of 40 (model TE-625
TECNAL; Piracicaba, SP). The dried powder was macerated with
75% ethanol (1:3 w/v) at 25 1C for 7 d. The macerate was ﬁltered
and concentrated under reduced pressure at 40 1C in a rotary
evaporator to obtain HEPu. The residual solvent was eliminated in
an incubator at 40 1C. The extract was kept protected from light
and stored at 4 1C; it was solubilized in distilled water containing
2% dimethylsulfoxide (DMSO) before each test.
2.5. Phytochemical analysis
2.5.1. Phytochemical screening
Preliminary phytochemical analysis was carried out according
to previously described methods (Matos, 1997), based mainly on
coloration/precipitation tests. The secondary metabolites detected
were conﬁrmed by thin layer chromatography (TLC), spectro-
photometric, and high performance liquid chromatography (HPLC)
analyses.
2.5.2. Determination of total ﬂavonoid content
2.5.2.1. Spectrophotometric colorimetric assay. Total ﬂavonoid
content was determined using a spectrophotometric colorimetric
assay as described by Peixoto Sobrinho et al. (2008) with slight
modiﬁcations. Brieﬂy, 200 mL of the diluted extract (1000 mg/mL)
was transferred to test tubes. Subsequently, 400 mL of glacial acetic
acid (60%), 2 mL of pyridine (20%), 1 mL of aluminum chloride (5%)
and 6.4 mL of Milli-Q water were added to the tube. The samples
remained in the dark for 30 min at room temperature. The
absorbance of the mixture was measured in a spectrophotometer
(WPAs, model Biwave II) at 420 nm against a blank prepared with
Milli-Q water. The assay was performed in triplicate, and the
ﬂavonoid content was determined by interpolating the absorbance
of the samples against a calibration curve constructed with rutin
standard (1.0–5.0 mg/mL) and expressed as milligrams of rutin
equivalent per gram of extract (mg RE/g).
2.5.2.2. HPLC analysis. The experiments were performed with an
HPLC Shimadzu chromatograph model LC-10 Avp Series equipped
with an LC-10AD pump, DGU-14A degasser, UV–vis (SPD–10A)
detector, column oven (CTO-10A) equipped with manual injection
Rheodyne (loop, 20 mL), and CLASS LC-10 integrator. The sample
was analyzed using a reverse-phase Phenomenex Luna 5 mm C18
(2) (2504.6 mm2) column with direct-connect C18 Phenomenex
Security Guard Cartridges (43.0 mm2) ﬁlled with similar
material as the main column. Chromatographic separation was
undertaken via isocratic elution with a mobile phase consisting of
0.1% formic acid in Milli-Q water and methanol (45:55). The ﬂow
rate eluent was 1.0 mL/min at 40 1C with UV detection at 340 nm
for a duration of 30 min. The standards used were rutin (Across
132391000) and quercetin (Sigmas, Q0125). The content of the
compounds was expressed as micrograms per milligram of extract,
which was calculated after correlating the area of the analyte with
the calibration curves of the standards constructed at concen-
trations of 125, 250, and 500 μg/mL. The quercetin solution was
prepared with methanol, and the solutions of the extract and rutin
were prepared with the mobile phase used for elution.
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2.6. Acute toxicity assays
2.6.1. Hippocratic screening
Male mice received HEPu (p.o) at doses of 500, 1000, and
2000 mg/kg body weight. Three animals were used for each dose
of the extract and one control animal received the vehicle
(distilled water, 10 mL/kg). Animals were observed individually
in an open ﬁeld at 5, 10, 15, 30, 60, 120, and 240 min, and 24 h, for
a period of 14 d, and monitored for any clinical signs or mortality
(Malone and Robichaud, 1962).
2.6.2. Alamar blue assay
This assay was carried out according to the method described
by Springer et al. (1998). The CHO-K1 cells were added to the
medium at a density of 2104 viable cells per mL in a 96-well
tissue culture plate containing 200 μL of DMEMþHAM F10,
supplemented with 10% (v/v) FBS, 0.006% penicillin, and 0.01%
streptomycin. All cells were incubated and maintained in a
humidiﬁed atmosphere at 37 1C and 5% CO2 for 4 h. Cells were
treated with HEPu at different concentrations (200–3.12 μg/mL)
for 72 h. Thereafter, the cells were washed and 200 μL aliquots
of stock Alamar Blue 10% solution were added to the cells, which
was followed by incubation for 5 h to assess the cells' viability.
Subsequently, the absorbance was read at 540 and 620 nm using a
plate reader. Doxorubicin (58–0.0058 mg/mL; Sigma) was used as a
positive control. Extracts with IC50 values r50 mg/mL were
considered cytotoxic (Froelich et al., 2007).
2.7. Antibacterial assays
2.7.1. Broth microdilution method
The antibacterial activity was evaluated by determining the
minimal inhibitory concentration (MIC) according to guidelines
established by the Clinical and Laboratory Standards Institute
(CLSI). The MIC values were determined using 96-well microplates
according to CLSI guidelines (CLSI, 2003). A stock solution of the
extract was prepared by dissolving 50 mg of HEPu into 1 mL of
distilled water. The stock solution was diluted to obtain serial
twofold dilutions; 100 mL of these dilutions was added into each
well containing Muller-Hinton broth medium (MHB–Micro Med),
resulting in extract concentrations ranging from 400 to 3.25 mg/mL.
Next, 100 mL of the bacterial suspension prepared in MHB (ﬁnal
concentration, 104 CFU/mL) was added to each well, yielding a ﬁnal
volume of 200 μL per well. Chloramphenicol (200–0.25 mg/mL;
Sigma) was used as a positive control. Plates were incubated for
24 h at 35 1C. The MIC was expressed as the lowest concentration
that inhibited growth, which was judged by the lack of turbidity in
the well. The turbidity in each well was then measured at 450 nm
by using a spectrophotometer (Spectronic; Genesys 5, Milton Roy).
Extracts with MIC values r100 mg/mL were considered signiﬁ-
cantly active (Kuete, 2010).
2.7.2. Outer membrane permeability
Outer membrane (OM) permeability was determined according
to the method described by Hao et al. (2009), with some
modiﬁcations. The strain used was Shigella ﬂexneri. Brieﬂy, an
overnight culture (5107 CFU/mL) was inoculated into Mueller-
Hinton broth containing the extract alone and extract (6.25 mg/mL)
with antibiotic concentrations ranging from 0.625 to 20 mg/mL.
The media was then added to sterilized 96-well microplates and
incubated at 35 1C for 24 h. The growth of Shigella ﬂexneri was
measured at 450 nm using a spectrophotometer.
2.7.3. Intracellular Kþ efﬂux
The Kþ efﬂux from Shigella ﬂexneri and Enterococcus faecalis
cells was measured using a direct potentiometric technique with
an ion-selective electrode, according to the method described by
Hao et al. (2009). In brief, Shigella ﬂexneri and Enterococcus faecalis
cells were cultured overnight at 35 1C. The cells were washed and
resuspended at a concentration of 1107 cells/mL in sodium
phosphate buffer (pH 7.2). One milliliter of these suspensions
was then incubated with HEPu at a concentration of 2 MIC (25
μg/mL is required to cause cell lysis) at 35 1C for different
durations. Strains incubated with phosphate buffer were used as
control. After centrifugation, the amount of Kþ released into the
supernatant was measured using an Omni-C analyzer (Roche).
2.7.4. Nucleotide leakage
The experiment was carried out according to the method
established by Tang et al. (2008). Shigella ﬂexneri and Enterococcus
faecalis at logarithmic phase growth were washed and resus-
pended in 10 mM phosphate-buffered saline (PBS pH 7.4). The
strains were incubated with HEPu at its MIC for different times,
and strains incubated with PBS were used as controls. The
absorbance of the ﬁltrate of the mixture was then determined at
260 nm using a spectrophotometer.
2.8. Data analysis
Experimental results were expressed as the mean of triplicate data.
3. Results
3.1. Phytochemical analysis
3.1.1. Phytochemical screening
Phytochemical analysis of HEPu revealed the presence of
ﬂavonoids, alkaloids, steroids, and terpenes.
3.1.2. Determination of total ﬂavonoid content
3.1.2.1. Spectrophotometric colorimetric assay. The total ﬂavonoid
content of Piper umbellatum was 165 mg RE/g extract, as calculated
from the rutin calibration curve.
3.1.2.2. HPLC analysis. The HPLC analysis conﬁrmed that the
total ﬂavonoid content was 16.5% (w/w), which was determined
spectrophotometrically in the dry extract, by detection and
quantiﬁcation of rutin (12.39 mg/g of extract, or 1.2% of total dry
extract) and quercetin (7.12 mg/g of extract, or 0.7% of total dry
extract), as shown in Fig. 1.
3.2. Acute toxicity assays
3.2.1. Hippocratic screening
In this assay, HEPu did not cause any behavioral alterations or
deaths in mice when administered at doses up to 2000 mg/kg p.o.
Therefore, it was not possible to determine the LD50 of HEPu.
3.2.2. Alamar blue assay
The addition of HEPu to CHO-K1 cells did not produce any
cytotoxic effect in cells (IC504200 mg/mL), while doxorubicin, the
standard positive control drug for this assay, caused intense
cytotoxic effects in these cells (IC50¼0.38 mg/mL), as shown in
the Fig. 2.
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3.3. Antibacterial assay
3.3.1. Broth microdilution method
The bioassays with HEPu showed that the extract had strong
activity against Klebsiella pneumoniae, Salmonella typhimurium, Shi-
gella ﬂexneri, and Enterococcus faecalis, with MIC values ranging from
12.5 to 25 mg/mL, but had no signiﬁcant effect against Pseudomonas
aeruginosa, Escherichia coli, Staphylococcus aureus, Staphyloccus
epidermidis, and Streptococcus pyogenes (MIC 4100 mg/mL). Chlor-
amphenicol, the standard antibiotic for this assay, showed a wide
spectrum of antibacterial activity with MIC values ranging from 5 to
100 mg/mL, being more active against Staphyloccus epidermidis
(MIC¼0.5 mg/mL) and least active against Pseudomonas aeruginosa
(MIC¼100 mg/mL). The MIC values for HEPu and the positive control
are shown in Table 1.
3.3.2. Outer membrane permeability
Previous results demonstrated that the half MIC of HEPu
(6.25 mg/mL) could not inhibit the growth of Shigella ﬂexneri.
However, in the presence the half MIC of HEPu, Shigella ﬂexneri
was more sensitive to the tested antibiotics at all concentrations,
even those below the MIC of erythromycin (1 mg/mL) and rifampin
(10 mg/mL). Furthermore, both hydrophobic antibiotics exhibited
growth inhibition in association with HEPu, as shown in Fig. 3.
The HEPu alone was active (MIC¼12.5 mg/mL). All these results
demonstrated that HEPu could facilitate entry of these antibiotics
by increasing permeabilization of the OM of Shigella ﬂexneri.
The OM permeability induced by HEPu was greater in the presence
of erythromycin.
3.3.3. Intracellular Kþ efﬂux
In the group containing only Shigella ﬂexneri resuspended
in sodium phosphate buffer, negligible potassium efﬂux was
observed from the start of the measurement, with the maximum
potassium efﬂux of 0.78 observed after 3 and 4 h (Fig. 4A).
The group containing only the suspension of Enterococcus faecalis
in sodium phosphate buffer showed a negligible potassium efﬂux,
which remained constant after a 1 h treatment period, at all
incubation times (Fig. 4B). In both bacterial strains, addition of
HEPu at twice the MIC yielded an intense potassium efﬂux, which
reached the maximum level at 4 h after the start of the treatment.
Enterococcus faecalis was observed to possess greater sensitivity
to HEPu.
3.3.4. Nucleotide leakage
In the group containing only Enterococcus faecalis resuspended
in PBS, negligible nucleotide leakage was observed after 6 h of
incubation, with the levels maintained through 12 h (Fig. 5A).
In contrast, in the group containing Shigella ﬂexneri, nucleotide
leakage occurred only at 12 h (Fig. 5B). Addition of HEPu
(MIC¼12.5 mg/mL) to a medium containing Enterococcus faecalis
caused an 8.3% increase in the leakage compared to that observed
in the control at 6 h, peaking at 12 h with a 31.3% increase
compared to the levels in the control (Fig. 5A). Addition of HEPu
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Fig. 2. Cytotoxic activity of hydroethanolic extract of Piper umbellatum leaves
(HEPu) in epithelial cells of Chinese hamster ovary (CHO-K1). The data represented
mean values of 3 independent experiments.
Table 1
Antibacterial activity of hydroethanolic extract of Piper umbellatum leaves on
selected bacterial strains.
Microorganism MIC (lg/mL)
HEPu Chloramphenicol
Gram-negative bacteria
Escherichia coli – 12.5
Klebsiella pneumoniae 25 25
Pseudomonas aeruginosa – 100
Salmonella typhimurium 12.5 12.5
Shigella ﬂexneri 12.5 3.12
Gram-positive bacteria
Enterococcus faecalis 12.5 6.25
Staphylococcus aureus 400 25
Streptococcus pyogenes 200 1.0
Staphyloccus epidermidis 200 0.5
Minimal inhibitory concentration (MIC) in mg/mL—: inactive. HEPu: hydroethanolic
extract of Piper umbellatum leaves.
Fig. 1. HPLC chromatogram of the hydroethanolic extract of Piper umbellatum leaves (A) detected at 340 nm. Peak 4 rutin and 8 quercetin. Insert rutin (B) and quercetin
(C) standards. Others peaks not identiﬁed.
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to a medium containing Shigella ﬂexneri resulted in a 1% increase
in leakage at 6 h and a 37.8% increase at 12 h compared to control,
as seen in Fig. 5B.
4. Discussion
HEPu did not cause any signs or symptoms of toxicity in mice at
doses up to 2000 mg/kg p.o., indicating that it has no toxicity at
the maximal doses tested in this work. This result is in agreement
with that obtained by Perazzo et al. (2005), who observed that the
ethanolic extract of the aerial parts of Pothomorphe umbellata
(synonymous with Piper umbellatum) at doses of 500–2000 mg/kg
p.o. also caused no deaths in animals during the 72-h period of
observation. There are some reports in the literature regarding the
cytotoxic activity of extracts of different polarities obtained from
various parts of Piper umbellatum (Roersch, 2010). In this work,
the cytotoxicity proﬁle of HEPu was evaluated by Alamar Blue
(Springer et al., 1998) using CHO-K1 cells. This method can be used
as an indicator of mitochondrial function, and offers several
advantages over other existing methods. The technique is rela-
tively simple, harmless to the cells, and does not interfere with cell
metabolism (Springer et al., 1998). The HEPu had an IC504200 mg/
mL in CHO-K1 cells, indicating low cytotoxicity to this cell line, in
contrast to the results reported by Kamanzi Atindehou et al.
(2004) for the ethanol extract of the leaves (IC50¼61.3 mg/mL) in
a rat L6 skeletal muscle myoblast cell line. Werka et al. (2007)
reported low cytotoxic activity (10% kill at 100 mg/mL) of the
essential oil obtained from the leaves of Piper umbellatum in
Hep G2 (hepatocellular carcinoma), while Sacoman et al. (2008)
reported cytotoxic activity for the dichloromethane extract of the
aerial parts in human tumor cell lines, with IC50 values ranging
from 1.55 to 9.55 mg/mL. These differences in cytotoxicity values
can be related to the type of solvent, the plant part utilized to
prepare the extracts, or the cell lines used for the studies.
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Fig. 4. Effect of 2 MIC (25 μg/mL) of hydroethanolic extract of Piper umbellatum
leaves (HEPu) on the amount of Kþ released from Shigella ﬂexneri (A) and
Enterococcus faecalis (B). The data represented mean values of 3 independent
experiments.
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Fig. 5. Effect of MIC (12.5 μg/mL) of hydroethanolic extract of Piper umbellatum
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Given the low acute toxicity presented by HEPu and the fact
that the leaves of Piper umbellatum are widely used in Brazil to
treat infections (Roersch, 2010), we evaluated the antibacterial
activity of HEPu using in vitro broth microdilution tests against a
panel of Gram-positive and Gram-negative bacteria that are of
clinical relevance.
The broth microdilution assay results (Table 1) showed that HEPu
has clear antibacterial activity against Klebsiella pneumoniae, Salmo-
nella typhimurium, Shigella ﬂexneri, and Enterococcus faecalis, but
shows no signiﬁcant activity against Pseudomonas aeruginosa, Escher-
ichia coli, Staphylococcu aureus, Streptococcus pyogenes, or Staphyloc-
cus epidermidis. There is no information in the literature describing
the antibacterial activity of extracts from Piper umbellatum. However,
the in vitro antibacterial activity of N-benzoylmescaline isolated from
the aerial parts of the plant against Helicobacter pylori (Isobe et al.,
2002) and that of the essential oil derived from the leaves (Werka
et al., 2007) against Bacillus cereus and Staphylococcus aureus have
been described. The results of the HEPu broth microdilution assay
with Staphylococcu aureus (MIC¼400 mg/mL) are in accordance with
those obtained by Werka et al. (2007), who reported an MIC
4100 mg/mL for the essential oil against this same bacteria, indicat-
ing a low bacterial sensitivity to compounds present in both the
extract and the essential oil. The results indicate that HEPu has a
broad spectrum of antibacterial activity because it is effective against
both Gram-negative and Gram-positive bacteria, although it is more
active against Salmonella typhimurium, Shigella ﬂexneri, and Enter-
ococcus faecalis compared to the other bacteria tested. On the basis of
these results, Shigella ﬂexneri and Enterococcus faecalis were chosen
as the targets to study the mode of antibacterial action of HEPu.
Due to the variety of bacterial targets, several models for
studying the mode of antibacterial action of drugs have been
described in the literature. Lou et al. (2011) showed in their study
with chlorogenic acid that the antimicrobial activities of many
antibacterial compounds from plants are generally associated with
their ability to selectively disrupt biological membranes of various
microorganisms.
In this sense, quantiﬁcation of OM permeability, potassium
efﬂux, and nucleotide leakage are useful for identifying agents
whose mode of action is associated with damage to the bacterial
membranes (Hao et al., 2009). These methods were chosen to
clarify the mode of action of HEPu.
The bacterial cell wall is a rigid structure that covers the
cytoplasmic membrane and gives shape to bacteria. In gram-
negative bacteria, the cell wall is composed of peptidoglycan,
lipoproteins, lipopolysaccharides, and OM. The OM represents a
molecular barrier, preventing the loss of intracellular proteins and
limiting access of hydrolytic enzymes and some drugs, particularly
hydrophobic antibiotics (Koch, 2003).
In order to determine whether HEPu was interfering with the
function of the OM of Shigella ﬂexneri, a bacterial growth inhibition
test was conducted to investigate the interaction of HEPu (half
MIC¼6.25 mg/mL) with erythromycin and rifampicin. At low con-
centrations, these antibiotics do not effectively permeate the intact
OM of Gram-negative bacteria, but they can penetrate the OM of
mutants that possess a defective outer portion of this membrane,
similar to the way chelating agents of polycations damage OM
(Viljanen et al., 1991). The results of this study showed that HEPu
was able to increase the permeability of the OM of Shigella ﬂexneri,
allowing entry of antibiotics in a manner similar to that observed
by Lou et al. (2011) with chlorogenic acid. Co-administration of
two or more antibiotics is a common medical practice because it
results in synergistic effects, broadening the spectrum of action or
reducing bacterial resistance and toxicity.
The bacterial cytoplasmic membrane is composed of phospholi-
pids with embedded proteins that are exposed to either one or both
sides of the membrane, which serves as a selective membrane to
control the input and output compounds of the cell. This membrane
is the target for many antibacterial agents. Release of small molecules
from the intracellular space provides evidence of membrane damage
(Yi et al., 2010). When cytoplasmic membranes of bacteria are
compromised, small molecules and intracellular components are
released, which can be experimentally measured. In order to inves-
tigate the effect of HEPu on the cytoplasmic membrane, membrane
permeability in response to potassium depletion was monitored.
The kinetic potassium efﬂux from Shigella ﬂexneri and Enterococcus
faecalis cultures treated with HEPu showed an immediate and
massive release of potassium. Similar ﬁndings were observed by
Hao et al. (2009) in their work with buforin peptide 2.
Large molecules such as DNA and RNA are also released and can
be quantiﬁed by monitoring the absorbance at 260 nm, since these
nucleotides possess strong UV absorption at this wavelength. The
nucleotide leakage test revealed that HEPu increased cytoplasmic
membrane permeability and caused the efﬂux of nucleotides from
the intracellular compartment.
In these assays, it is not possible to clarify how the compounds
present in the HEPu interact with the cytoplasmic membrane
components and lead to efﬂux of Kþ and leakage of nucleotides.
A number of mechanisms for this interaction have been proposed
to explain the action of antibacterial drugs on the cytoplasmic
membrane, with emphasis on formation of pores, solubilization of
membrane proteins, and changes in the structure/function of the
phospholipid bilayer of the membrane (Chen and Cooper, 2002).
On the basis of the results of the bacterial membrane perme-
ability studies, it can be stated that the antibacterial action of HEPu
is induced, at least in part, by changes in the permeability of the
cell wall and to the bacterial cytoplasmic membrane.
The phytochemical composition of the extract of leaves from
Piper umbellatum has been the subject of several studies. There are
about 50 chemical constituents already described for this species,
with emphasis on those belonging to the classes of ﬂavonoids,
alkaloids, terpenes, and sterols (Roersch, 2010). Tabopda et al.
(2012) emphasize that the cepharadiones A and B are probable
chemotaxonomic markers of the genus Piper. Our preliminary
phytochemical analysis results with HEPu conﬁrmed the ﬁndings
described in the literature for this plant.
The phytochemical ﬁngerprint of this extract revealed the pre-
sence of appreciable amounts of rutin and quercetin, two ﬂavonoids
reported to possess several biological activities and notable antibac-
terial activity (Da Silva et al., 2012; Cushnie and Lamb, 2005). It is
noteworthy that this is the ﬁrst time the presence of these two
ﬂavonoids in Piper umbellatum has been reported.
The antibacterial effect observed using Piper umbellatum seems
to be due in part to the ﬂavonoids present in the extract. Cushnie
and Lamb (2011) reported that ﬂavonoids are capable of causing
major structural and molecular changes in bacteria, including
damage to the membranes, and inhibition of nucleic acid synthesis
and cellular energy metabolism.
5. Conclusion
In summary, the in vitro antibacterial activity and in vivo low
toxicity of HEPu has been conﬁrmed in these studies. Its mode of
action appears to be associated with changes in the permeability of
the bacterial cell wall and the bacterial cytoplasmic membrane,
which are caused at least in part by the ﬂavonoids present in the
extract.
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